SUMMARY
The beneficial effects of epidural opiates for postoperative pain relief are well known. Some authors report that epidural opiates have a segmental analgesic effect. 1·3 Consequently in upper abdominal surgery thoracic epidural opiates may be expected to give better pain relief than lumbar epidural opiates. However, good postoperative pain relief with lumbar epidural opiates has been demonstrated following upper abdominal and thoracic surgery. [4] [5] [6] [7] [8] The present study was designed to evaluate the influence of epidural morphine by the lumbar or thoracic routes on postoperative pain and respiratory parameters after standardised surgical trauma in the upper abdomen.
MATERIALS AND METHODS
The study included thirty-seven otherwise healthy women undergoing elective cholecystectomy. The patients were randomly allocated to one of two groups, L (lumbar epidural morphine) and T (thoracic epidural morphine). The total number of patients in group L was 17 and in group T 20. The investigation was approved by the local Ethics Committee and informed consent was obtained from each patient.
The patients were fasted overnight and premedicated with diazepam 10-15 mg rectally one and a half hours to two hours before surgery. One hour prior to surgery group T received an epidural catheter at T9-1 0 or T 1 0-11. In group L the epidural catheter was introduced at L3-4 or L4-5. The epidural catheters were inserted about 3 cm into the epidural space using a paramedian loss of resistance to saline technique. Four milligrams of preservative-free morphine dissolved in isotonic saline to a total volume of 7 ml were given epidurally after the insertion of the catheter. Repeated doses of 4 mg of morphine (mixed as above) were then given every 10 hours. After completion of all measurements (24 hours) correct positioning of the catheters was confirmed by injection of a small dose of a local anaesthetic and testing pin-prick analgesia.
In all groups general anaesthesia was induced with thiopentone 4-5 mg/kg body weight and fentanyl 0.1 mg. Endotracheal intubation was facilitated by pancuronium 0.08 mg/kg and anaesthesia was maintained with nitrous oxide in oxygen (3: 1.5 l/min) using a circle system with C02 absorption. Repeated doses of fentanyl, pancuronium and diazepam were given as required. The neuromuscular blockade was reversed by atropine (1.0 mg) and neostigmine (2.5 mg) at the end of surgery using a train-of-four nerve stimulator (Model 091-M3, Emerson Co., Cambridge, Massachusetts, U.S.A.). All operations were performed via a subcostal incision and started between 08.30 and 09.30 hours. Postoperatively the patients remained in a high-dependency unit for 24 hours. All patients were given oxygen 4 IIminute via a nasal catheter. Heart rate, blood pressure and respiratory rate were recorded every 15-30 minutes. A breathing rate less than 12 breaths per minute was regarded as respiratory Oepression.
Forced vital capacity (FVC) and forced expiratory volume in one second (FEVI), peak expiratory flow (PEF), respiratory rate and arterial PC02 were measured one hour prior to surgery and 4, 6, 12 and 24 hours after skin incision. Respiratory performance was tested with the patient in a semi-reclining position. FVC and FEVI were performed in eight patients with group T and in nine patients in group L.
A calibrated spirometer (Vitalograph,® Vitalograph Ltd., Buckingham, England) and a Wright peakflowmeter was applied to measure PEF. The best of three measurements was recorded. Arterial samples for blood gas analysis were taken from the femoral artery, put in ice and analysed immediately on an automatic analyser (ABL2, Radiometer, Copenhagen, Denmark) with temperature correction. In the postoperative period pain was evaluated by means of a visual analogue scale (VAS) with a scale from 0-10, 0 indicating no pain and 10 worst possible pain. 9 The pain evaluations were performed at the same time as the ventilatory measurements. Two evaluations of pain were performed on each occasion, the first one before respiratory measurements (rest pain, VAS 1) and the second one immediately after PEF (V AS2). In the latter case the patients were instructed to estimate the pain they experienced when performing the PEF test. This latter pain evaluation can be seen as a 'provoked' pain, simulating the effects of a deep breath or coughing on postoperative pain. All pain evaluations were scored on separate scales.
Statistical methods and presentation of data
Student's t test was used except for pain evaluation where the Mann-Whitney nonparametric test was applied. A P value less than 0.05 was considered statistically significant. The data are presented as mean values±standard deviation (SD) except for pain scoring (median and range).
RESULTS
There was no difference of age, weight or duration of surgery between the Land T groups (Table 1) . There were no differences in doses of fentanyl, diazepam or muscle relaxants. Reversal of neuromuscular blockade was complete as evaluated by the train-of-four test in all patients. None of the patients demonstrated respiratory depression (respiratory rate < 12/min) postoperatively.
Pain score (Table 2 ). There was no difference between the Land T groups in pain evaluation either before (VAS 1) or immediately after PEF measurement (V AS2).
Peak expiratory flow ( Table 2) . The values for PEF before the operation were well within normal limits in both groups. Postoperatively there was a decrease of about 30% in both groups with no differences between them. FEVI and FVC (Table 3 ). Both these parameters decreased postoperatively and no differences were seen between the two groups.
Pain scoring (VAS] and VAS2, 0-10) and peak expiratory flow (PEF) before and after cholecystectomy in the lumbar epidural (L) and thoracic (T) epidural group (median and range for VAS] and VAS2, mean (SD) for PEF)
Respiratory rate and PaC02 (Table 4) . No differences were seen regarding these variables between the two groups.
DISCUSSION
The main finding in the present study was that after cholecystectomy there were no differences in pain evaluation or respiratory performance between patients receiving lumbar or thoracic epidural morphine. Our results are in agreement with the reports of Hojkjaer-Larsen and colleagues,6 although they studied the patients for a longer period postoperatively and used more morphine. The present study also confirms the reports of N ordberg et al. 8 and Bromage et al. ID Morphine is more water-soluble than most other opioids and it has been demonstrated that water-soluble opiates have a tendency for cephalad migration compared with lipid- The results from the present study indicate that fairly small volumes (7 ml of saline containing 4 mg of morphine) via the lumbar route are sufficient to provide pain relief in the upper abdominal dermatomes.
Anderson and colleagues 5 compared in a cross-over study (24 hour periods) the effects of morphine 4-6 mg to saline placebo injected into the lumbar epidural space after cholecytectomy and reported good postoperative pain relief with lumbar epidural morphine. These authors evaluated pain relief with three methods: a visual analogue scale, the total dose of intramuscular morphine given and the retrospective estimation of analgesia among the patients during the epidural morphine period and during the epidural saline period. In order to further discriminate pain our patients also evaluated pain immediately after they performed the PEF test (V AS2). This approach will simulate more the sharp shooting pains which are associated with coughing or movement and may be a more sensitive way of discriminating between the groups. The median pain score before PEF at 4 hours was slightly lower than 2 and it continuously decreased in both groups with a minimum pain score at 24 hours. The 'provoked' pain score at the first measurement was about 50% higher than VAS 1. At 24 hours the pain score was very low using VAS 1, the provoked pain (V AS2) still demonstrated relatively high values. Only at 12 hours was there a tendency to better pain relief in the epidural thoracic morphine group. These results confirm that morphine injected via the lumbar epidural space is effective after upper abdominal surgery.
Despite adequate pain relief in accordance with the finding of Hojkjaer-Larsen et al. 6 we found that PEF, FEVI and FVC decreased about 30-40% in both groups after surgery. It must, however, be pointed out that after upper abdominal surgery the decrease in respiratory parameters is even more pronounced (50%) in patients receiving systemic opiates. 14 In summary this study performed on patients undergoing cholecystectomy has demonstrated that epidural morphine via the lumbar route is as effective as epidural morphine injected via the thoracic route in diminishing postoperative pain. This is a clinical advantage in upper abdominal surgical procedures since many anaesthetists hesitate to perform thoracic epidural blocks.
